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Module -1 

Introduction: Streams in mechanical engineering and their relevance/significance, role of 

mechanical engineers in solving the real case problems (with examples), careers in mechanical 

engineering.    

Realization of some of the engineering solutions through principles of mechanical engineering 

(with a schematic diagram):  

Energy conversion: Introduction and basic working principles of Pelton Turbine and Centrifugal 

pump.    

Vehicle systems: Identification of parts of vehicle systems such as steering system, brake system, 

gear system, working principle of Power steering.  

Flying machines: Classification, basic parts involved in drone making, working principle of 

Drones.  

Refrigeration and air conditioning principles.  
 

Introduction: 

Streams in mechanical engineering 

Mechanical Engineering is one of the broadest and oldest branches of engineering that deals with 

the design, analysis, manufacturing, and maintenance of mechanical systems. Over time, the 

discipline has expanded into several specialized streams to cater to the growing technological 

advancements and industrial needs. These streams provide focused knowledge and skills, enabling 

engineers to solve real-world problems efficiently. 

Mechanical engineering is the study, design, development, construction, and testing of mechanical 

and thermal sensors and devices, including tools, engines, and machines. Mechanical engineering 

careers centre on creating technologies to meet a wide range of human needs. 

Mechanical engineering subjects include automobile engineering, manufacturing engineering, 

power plant engineering, thermal engineering, and mechatronics engineering, which is a 

combination of electrical, computer, and mechanical engineering. 

The major streams in mechanical engineering include: 
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 Design Engineering – Focuses on creating innovative products, machines, and systems 

using CAD/CAE tools. 

 Thermal Engineering – Deals with energy conversion, power plants, heat transfer, 

refrigeration, and air-conditioning systems. 

 Manufacturing Engineering – Concerned with production processes, automation, CNC, 

additive manufacturing, and industrial systems. 

 Mechatronics and Robotics – Integrates mechanical, electrical, electronics, and computer 

engineering to develop intelligent machines and robotic systems. 

 Materials Science and Engineering – Involves the study of materials, their properties, 

and applications in engineering design. 

 Automotive and Aerospace Engineering – Specializes in vehicle and aircraft design, 

propulsion, and performance optimization. 

 Industrial and Production Engineering – Focuses on optimization of processes, supply 

chain, lean manufacturing, and productivity improvement. 

Relevance and Significance: 

1. Industry Demand – Different sectors like automotive, aerospace, energy, robotics, and 

manufacturing require specialized knowledge. 

2. Problem-Solving – Each stream equips engineers to address specific real-life engineering 

challenges. 

3. Innovation and Technology Growth – Specialization drives research, innovation, and 

development of advanced systems. 

4. Career Opportunities – Provides diverse career paths in industries, R&D, academia, and 

entrepreneurship. 

5. Societal Impact – Applications range from transportation and healthcare equipment to 

energy-efficient systems, improving quality of life. 

Role of Mechanical Engineering in Industries and Society: 

Mechanical Engineer will play a vital role in the sustainable development of the industry and the 

society. Starting from the conceptualization of the product to the design, manufacturing, sales and 

service to the end of life of a product i.e, recycling mechanical engineer will play his role. 
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To start with, for a design a product mechanical engineer has to conceptualize the product, draw 

the performance of the product, then apply the mechanical design and will build the product for its 

strength. 

Mechanical engineer role as a manufacturing Engineering is a huge. Studying the design, laying 

out the tooling for the production and optimize the raw material consumption in the manufacturing 

a component requires huge skills as a mechanical Engineering. 

Mechanical Engineer also places a vital role in the logistics. Procuring the materials for the 

production, maintaining the adequate material in the stores, dispatching the finished products to 

the Consumer is the role of a Logistic Engineer. 

Mechanical Engineer also works as a safety Engineer in an Industry. Taking care of the human 

resources, machineries, equipment’s and planning out the safer working conditions and ensuring 

the safety of the operations is the responsibility of the safety engineer. 

Mechanical Engineer plays a vital role in the overall growth of the economy as well as the Society. 

Meet the demand for a product to the optimum utilization of the resources taken care by the 

mechanical Engineer. Designing a product for longer product life cycle and reutilization/ recycling 

the product reduce the dependency of the materials by the industry. Also, developing newer 

equipment’s, devices for harnessing the renewable sources energy reduces the dependencies on 

the fossil fuels. These in turn contribute the green energy, low or no emission of carbon and its 

compounds. 

Mechanical engineers play a vital role in identifying, analyzing, and solving real-life engineering 

and societal problems. They apply principles of mechanics, thermodynamics, materials science, 

manufacturing, and design to create effective, safe, and sustainable solutions. Their contribution 

spans across industries such as energy, automotive, aerospace, healthcare, robotics, and 

manufacturing. 

1. Design and Innovation 

 Developing new machines, devices, and processes to meet human needs. 

 Example: Designing prosthetic limbs using lightweight materials and 

biomechanics principles to improve the mobility of disabled persons. 

2. Energy and Sustainability 
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 Creating energy-efficient systems, renewable energy technologies, and reducing 

carbon emissions. 

 Example: Designing and optimizing solar water heaters and wind turbine blades 

to harness renewable energy. 

The energy sector is a category that relate to producing or supplying energy. The energy sector or 

industry includes companies involved in the exploration and development of oil or gas reserves, 

oil and gas drilling, and refining. The energy industry also includes integrated power utility 

companies such as renewable energy and coal. 

 

                                             Figure: Solar PV Panels and Wind Turbines 

Advent of technology and raising concern on the use of fossil fuels gives an opportunity to think 

of the energy harnessing through renewable resources. Increased efficiency in the solar PV cells, 

ease in the manufacturing of complicated shapes of a wind turbine blades through various 

manufacturing process, newer innovations in the electric vehicles, newer materials compositions 

to produce parts used in devises etc., creating the opportunity to extract the energy at low cost 

through renewable sources and avoiding the dependency on fossil fuels. 

3. Manufacturing and Automation 

 Improving production methods to achieve higher quality, lower cost, and mass 

production. 

 Example: Implementing CNC and robotic automation in automobile 

manufacturing for precision and productivity. 

Manufacturing is the process of converting the raw material into a finished product. The 

technology had taken a great leap in the manufacturing sector. Along with side of conventional 

manufacturing methods other manufacturing methods are also practicing in the industry. Lean 
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manufacturing, just in time manufacturing (JIT), Flexible manufacturing system (FMS), 

Computer Integrated manufacturing (CIM) are already in use. Along with this additive 

manufacturing is getting its importance in the new product development which reduces the 

material and time. 

 

Figure: CNC machine tool in Turning Operation 

4. Transportation and Mobility Solutions 

 Enhancing vehicle safety, performance, and fuel efficiency. 

 Example: Developing electric and hybrid vehicles to address pollution and energy 

crisis. 

 

Figure: Concept of electric vehicle during docking 

Indian Automobile market is the 3rd largest automobile market in the world. In the automobiles 

market sector considerable changes happen in advanced technology. Electric vehicles are the next 

alternative to the conventional fossil fueled vehicles. Providing the better customer ride experience 

electric vehicles is the future of automobile market. Also, Hybrid vehicles are already in market 

uses dual fuel technology like electric and gasoline. Automation is another aspect in the automobile 
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industry. Use of mechatronics, internet and AI automobile manufacturers are striving for the better 

user interface and comfort in automobile experience. 

5. Healthcare Engineering 

 Applying mechanics and design to medical devices and healthcare systems. 

 Example: Designing ventilators and portable oxygen concentrators (especially 

highlighted during COVID-19). 

6. Aerospace and Defense Applications 

 Ensuring structural safety, propulsion, and material optimization. 

 Example: Designing lightweight aircraft components using composite materials 

for better fuel efficiency. 

Invention of new materials like composites, shape memory alloys added the strength to weight 

ratio among the material used in the production of Aerospace vehicles. Also, use of sophisticated 

manufacturing techniques in the building of aircrafts make the cost of the air craft vehicles much 

economical. 

Marine engineering is the discipline that deals with matters related to the design, innovation, 

construction and maintenance of seagoing vessels and navigation equipment. Marine  

Engineers focus primary on the development and production of internal systems of boats, ships, 

or submarines. They are engaged in designing propulsion systems, auxiliary power machinery and 

operation equipment. Their technical responsibilities also include working on-board to maintain 

these systems. 

 

Figure: Jet turbine used in Aircrafts 

7. Problem-Solving in Daily Life 

 Providing engineering solutions that improve comfort, efficiency, and safety. 
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 Example: Designing ergonomic household appliances and energy-efficient air-

conditioning systems. 

Mechanical engineers bridge the gap between science and society by transforming ideas into 

practical solutions. Their problem-solving ability lies in applying engineering principles to real-

world challenges, ensuring safety, sustainability, and innovation. 

 

 

Careers in mechanical engineering: 

Careers in mechanical engineering are diverse, offering roles such as Design Engineer, 

Manufacturing Engineer, Robotics Engineer, and HVAC Engineer, with opportunities in sectors 

like automotive, aerospace, energy, manufacturing, and consulting. The field also provides paths 

into project management, sales engineering, and research and development.  

 Aerospace Engineer: Works on the design, development, and testing of aircraft, 

spacecraft, and related systems. 

 Automotive Engineer: Focuses on the design, manufacturing, and performance of 

automobiles and their components. 

 Biomedical Engineer: Applies mechanical engineering principles to the human body, 

designing medical devices, prosthetics, and implants. 

 Design Engineer: Creates and develops new products and systems using software like 

CAD (Computer-Aided Design). 

 Energy Engineer: Specializes in energy production, efficiency, and renewable energy 

sources like solar and wind power. 

 HVAC Engineer: Designs heating, ventilation, and air conditioning systems for buildings 

and vehicles. 

 Manufacturing Engineer: Improves the efficiency and productivity of manufacturing 

processes and systems. 

 Robotics Engineer: Designs and develops robots for various applications, including 

industrial and personal use. 
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Realization of Engineering Solutions through Principles of Mechanical 

Engineering 

Mechanical Engineering is one of the oldest and broadest branches of engineering, and its 

principles are applied to design, analyze, manufacture, and maintain mechanical systems. The core 

mechanical engineering principles—such as mechanics, thermodynamics, fluid mechanics, 

materials science, and manufacturing processes—are the foundation for solving real-life 

engineering problems. 

 

 

1. Energy Conversion Systems 

Pelton Turbine (Hydropower Generation): 

 Principle Used: Conversion of hydraulic energy (water at high head) into 

mechanical energy. 

 Engineering Realization: Pelton wheel converts jet impact energy into shaft work, 

which is then converted into electricity through a generator. 

 Application: Power plants in hilly regions. 

Centrifugal Pump (Water Supply & Irrigation): 

 Principle Used: Conversion of mechanical energy of the motor/engine into 

hydraulic energy. 

 Engineering Realization: Impeller rotation increases the velocity of fluid, and 

the volute casing converts velocity into pressure energy. 

 Application: Used in water pumping stations, irrigation, and industries. 

2. Vehicle Systems 

Steering System (Automobiles): 

 Principle Used: Conversion of rotational motion of the steering wheel into angular 

movement of wheels through linkages and gears. 

 Engineering Realization: Ackermann steering geometry ensures smooth turning 

with minimum tire wear. 

 Application: Passenger cars, trucks, buses. 
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Brake System: 

 Principle Used: Frictional force opposes motion and converts kinetic energy into 

heat energy. 

 Engineering Realization: Disc/drum brakes with hydraulic or pneumatic 

actuation. 

 Application: Safety system in automobiles, trains, aircraft. 

Gear System: 

 Principle Used: Transmission of power and torque using toothed wheels with 

mechanical advantage. 

 Engineering Realization: Gear ratios decide speed reduction or torque 

multiplication. 

 Application: Automotive gearboxes, machine tools, wind turbines. 

3. Aerospace & Drone Technology 

Flying Machines (Aircraft & Drones): 

 Principle Used: Bernoulli’s principle for lift generation, Newton’s third law for 

thrust. 

 Engineering Realization: Propellers, jet engines, and aerodynamic wings provide 

lift and thrust for flight. 

 Application: Passenger aircraft, cargo transport, military drones, agricultural 

spraying drones. 

4. Industrial Applications 

Robotics & Automation: 

 Principle Used: Integration of mechanical linkages with actuators, sensors, and 

control systems. 

 Engineering Realization: Robots perform precise, repetitive tasks with high 

speed. 

 Application: Automobile assembly lines, packaging, welding. 

Manufacturing Processes: 

 Principle Used: Material removal (cutting, drilling), shaping (casting, forging), 

joining (welding). 
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 Engineering Realization: CNC machines, 3D printing, automated welding 

systems. 

 Application: Production of automotive components, aerospace parts, consumer 

products. 

Pelton Turbine: 

A Pelton turbine works by converting the potential and kinetic energy of high-velocity water jets 

into rotational energy to drive a generator. Water from a high reservoir is channeled through 

a penstock and a nozzle to form a high-speed jet that strikes the buckets on a rotating runner. The 

water's momentum transfers to the buckets, causing the runner to spin and generate electricity. The 

process occurs in open air at atmospheric pressure, with the nozzle controlling the water flow to 

regulate turbine speed.  

 

Working Principle: 

1. Water Intake and Energy Conversion: 

Water from a reservoir's high elevation (a high head) flows through a large pipe called a penstock.  

2. Nozzle Action: 

The water passes through a nozzle, which converts its potential energy into a high-velocity jet.  

3. Jet Impact: 

This high-speed water jet strikes the turbine's runner, which has a series of buckets mounted on 

its periphery.  

4. Momentum Transfer: 

As the jet hits the buckets, it imparts a strong impulsive force, causing the runner to spin. The 

bucket's shape is designed to split the jet and deflect the water in two directions, efficiently 

transferring momentum.  

5. Rotation and Electricity Generation: 

The spinning runner is connected to a generator, which produces electricity.  

6. Water Discharge: 

The water, now with much less energy, is discharged into a tailrace.  

notesforvtu.in

https://www.google.com/search?rlz=1C1CHBD_enIN1095IN1095&cs=0&sca_esv=b77b92e33e02ffaf&sxsrf=AE3TifNjBzHcddDUymXICVOMq4X2XvZ5Ow%3A1757416543251&q=penstock&sa=X&ved=2ahUKEwiaguPlxsuPAxXwVmwGHc8VL1cQxccNegQIBBAB&mstk=AUtExfBJ-iHLmV-4vgejVmdbPCHMa4TWs9ur1kCu6aQEfdXvmDGBavWWnlUXBWW2WSHD_pe23RfAOgA7NyAY8iFKPCFLDGe4IRAbLxm7ZHZElxMrE8_qbKEvPprGce1Rc4xWq9CxKCuiB3DggR-yLi4w77qHIrcfSPcdTPTWI0SjNQrTFlc&csui=3


Introduction to Mechanical Engineering                                1BESC104D/204D   

 

11 

 
 

 

                        Fig: Pelton Turbine Working Principle 

 

Centrifugal Pump: 

A centrifugal pump works by converting mechanical (rotational) energy into the hydrodynamic 

energy of a fluid, using a rotating impeller to accelerate the fluid outwards. The fluid enters the 

impeller's eye, is propelled radially by centrifugal force to the outer circumference, where its 

velocity increases. This high-velocity liquid then moves into an expanding casing (a volute or 

diffuser) which slows it down, converting the velocity energy into pressure energy, and directing 

it out of the pump at a higher pressure.  

Working Principle: 

1. Fluid Entry: Liquid enters the pump's impeller eye, the central inlet.  

2. Impeller Rotation: A motor drives the shaft and the impeller, causing it to spin rapidly.  

3. Centrifugal Force: As the impeller rotates, its curved vanes impart kinetic energy to the 

fluid. This causes the fluid to be thrown outwards from the impeller's center towards its 

circumference by centrifugal force.  

4. Pressure Increase: The fluid's velocity increases as it is pushed outward. This elevated velocity 

is then converted into pressure as the fluid exits the impeller.  
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5. Energy Conversion in the Casing: The liquid is directed into the pump's casing, which is 

designed as a volute (a spiral shape with a gradually expanding passage) or contains diffusers.  

6. Discharge: In the expanding casing, the fluid's velocity decreases, and this reduction in velocity 

converts into increased pressure. The high-pressure fluid is then discharged from the pump's 

outlet.  

 
Fig: Centrifugal Pump Working Principle 

Vehicle Systems: 

Steering System 
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Fig: Steering System Parts 

The steering system is what allows the driver to control the direction of the vehicle. It converts the rotational 

motion of the steering wheel into the lateral motion needed to turn the wheels. Key components include: 

 Steering Wheel: The driver's primary interface for steering. 

 Steering Column: A shaft that connects the steering wheel to the steering gear, often 

including universal joints to handle misalignment. 

 Steering Gearbox (or Steering Gear): This is the central mechanism that converts the 

steering wheel's rotation into the motion that turns the wheels. The two most common types 

are: 

Rack and Pinion: A pinion gear on the steering column meshes with a toothed bar 

(the rack). When the pinion turns, it moves the rack left or right, which in turn 

moves the wheels. This is the most common system in modern cars. 

Recirculating Ball: This system is often found in older cars, trucks, and SUVs. It 

uses a worm gear and a series of ball bearings to reduce friction and transfer motion 

to a pitman arm. 
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 Pitman Arm: Connects gearbox to drag link, transmits motion. 

 Tie Rods: These rods link the steering gear to the steering knuckles, transmitting the force 

that turns the wheels. 

 Steering Knuckles: These parts attach the wheels to the suspension system and pivot to 

change the direction of the wheels. 

Brake System 

 

Fig: Brake System Parts 

The braking system is essential for a vehicle's safety, allowing it to slow down and stop. The most common 

type is a hydraulic system. The main parts are: 

 Brake Pedal: The driver's input to activate the brakes. 

 Brake Booster: A device that uses a vacuum or pressure to amplify the force applied to 

the brake pedal, making it easier for the driver to brake. 

 Master Cylinder: Converts the force from the brake pedal into hydraulic pressure. It 

contains a reservoir for brake fluid. 

 Brake Fluid: A hydraulic fluid that transmits the force from the master cylinder to the 

brakes at each wheel. 

 Brake Lines and Hoses: These carry the pressurized brake fluid to the brakes at each 

wheel. 
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 Brake Calipers (Disc Brakes): Clamp the brake pads against the brake rotors to create 

friction. 

 Brake Pads and Rotors (Disc Brakes): The pads are the friction material that presses 

against the spinning rotors (or discs) to slow the vehicle. 

 Brake Shoes and Drums (Drum Brakes): The shoes press against the inside of the brake 

drum to create friction. Drum brakes are often used on the rear wheels of some vehicles. 

Gear System (Transmission) 

The transmission system transfers power from the engine to the wheels and allows the driver to 

control the vehicle's speed and torque. Parts of the system include: 

 Clutch (Manual Transmission): Disconnects the engine from the transmission, allowing 

the driver to change gears. 

 Gearbox: A system of gears that provides different gear ratios, enabling the engine to 

operate efficiently at various vehicle speeds. 

 Propeller Shaft (Driveshaft): Transmits power from the gearbox to the differential. 

 Differential: A set of gears that allows the wheels on the same axle to rotate at different 

speeds, which is crucial for turning corners. 

 Shift Lever – Used by driver to select gears. 

 Axles: The shafts that connect the differential to the wheels, delivering the power to make 

them turn. 

 

Fig: Gear System  

Working Principle of Power Steering 

notesforvtu.in



Introduction to Mechanical Engineering                                1BESC104D/204D   

 

16 

 
 

Power steering systems reduce the effort required to turn the steering wheel.  

There are two primary types: 

Hydraulic Power Steering (HPS) 

1. Engine-Driven Pump: The vehicle's engine powers a hydraulic pump, which continuously 

circulates hydraulic fluid under pressure to the steering system.  

2. Driver Input: When the driver turns the steering wheel, a control valve directs this 

pressurized fluid.  

3. Piston Assistance: The fluid enters a cylinder, where it exerts pressure on a piston.  

4. Torque Multiplication: The piston moves, generating additional force that, along with the 

driver's input, turns the rack and pinion or steering linkage.  

5. Wheel Steering: This movement is transmitted to the vehicle's tie rods, which steer the 

front wheels.  

6. Fluid Return: After doing its work, the fluid returns to a reservoir to complete the system's 

closed loop.  

 

Fig: Hydraulic Power Steering (HPS) 

Electric Power Steering (EPS) 

1. Sensors: Electronic sensors detect the driver's steering wheel movement and the force 

being applied.  

2. Electronic Control Unit (ECU): The sensor data is sent to the ECU, which calculates the 

necessary amount of assistance.  

3. Electric Motor: The ECU then sends a voltage signal to an electric motor.  

notesforvtu.in



Introduction to Mechanical Engineering                                1BESC104D/204D   

 

17 

 
 

4. Torque Application: The motor engages with the steering column or rack and pinion, 

providing the precise amount of torque needed to assist the driver's input.  

5. Wheel Steering: This combined force steers the vehicle's wheels.  

6. Efficiency: EPS is energy-efficient because the motor only consumes power when 

assistance is needed, unlike a hydraulic system that constantly draws power from the 

engine.  

 

Fig: Electric Power Steering (EPS) 

 

Flying machines: 

Flying machines are vehicles designed to move through the air or outer space by overcoming 

gravity.  

Classification:  

They can be broadly classified into two categories: 

1. Lighter-than-Air Aircraft (Aerostats) 

These machines operate on the principle of buoyancy, similar to how a ship floats on water. They 

use a lifting gas (like helium or hot air) that is less dense than the surrounding air to stay aloft. 
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 Balloons: Unpowered aerostats that float with the wind. A common example is the hot air 

balloon. 

 Airships: Powered and steerable, these aircraft can be navigated. They are further 

categorized as non-rigid (blimps), semi-rigid, or rigid (like the historic Zeppelins). 

2. Heavier-than-Air Aircraft (Aerodynes)  

These machines are denser than air and must generate lift through aerodynamic forces to fly. 

This is achieved by creating airflow over a wing or a rotor. 

 Fixed-wing Aircraft: Generate lift from fixed wings by moving the entire aircraft forward 

through the air. 

Powered: This includes the most common types of airplanes, classified by their 

propulsion system (e.g., jet-powered, propeller-driven) and number of engines. 

Unpowered: This includes gliders and sailplanes, which are launched and then use 

rising air currents (thermals) to stay aloft. 

 Rotorcraft: Generate lift from one or more spinning rotors. 

Helicopters: Use a powered rotor for both lift and thrust. 

Gyroplanes (Autogyros): Have an unpowered rotor that spins due to airflow to 

generate lift, while a separate engine and propeller provide forward thrust. 

 Ornithopters: These are experimental aircraft that achieve lift and thrust by flapping their 

wings, mimicking the flight of birds. 

Other Methods of Classification 

Flying machines can also be classified based on other criteria, including: 

 Propulsion: 

Unpowered: Gliders, balloons. 

Powered: Propeller aircraft, jet aircraft, turboprop, turbofan, etc. 

 Usage: 

Civil: Commercial airliners, general aviation (private planes), cargo aircraft. 

Military: Combat aircraft (fighters, bombers), transport, tankers, surveillance. 

Experimental: Prototypes, research aircraft. 

 Speed: 
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Subsonic: Speeds below the speed of sound. 

Supersonic: Speeds above the speed of sound (Mach 1). 

Hypersonic: Speeds far above the speed of sound (Mach 5 and above). 

 Takeoff and Landing: 

VTOL (Vertical Takeoff and Landing): Helicopters, tiltrotors. 

STOL (Short Takeoff and Landing): Requires a short runway. 

CTOL (Conventional Takeoff and Landing): Requires a standard runway. 

STOVL (Short Takeoff, Vertical Landing): Jump jets. 

 

Basic parts involved in drone making: 

Building a drone, particularly a multi rotor like a quad copter, involves several key components 

that work together to enable flight and control. Here are the basic parts you need to know about: 

 

Fig: Drone Parts 

1. Frame 

The frame is the skeleton of the drone, holding all the other components together. It is typically 

made from lightweight yet durable materials like carbon fiber, plastic, or aluminum. The design 

and material of the frame are crucial for the drone's stability, weight, and overall performance. 

2. Motors and Propellers 

 Motors: These are the engines of the drone. For most hobbyist and professional drones, 

brushless DC motors are used because they are highly efficient, powerful, and durable. 

Each propeller has its own motor. 
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 Propellers: These are the blades that spin to create lift. Propellers come in pairs, with some 

rotating clockwise (CW) and others counter-clockwise (CCW). This opposing rotation is 

essential for maintaining the drone's stability in the air. 

3. Electronic Speed Controllers (ESCs) 

The ESCs are the intermediaries between the battery, the flight controller, and the motors. They 

regulate the speed of each motor based on commands from the flight controller. A drone typically 

has one ESC for each motor, and their proper function is vital for smooth and stable flight. 

4. Flight Controller (FC) 

Considered the "brain" of the drone, the flight controller is a circuit board that processes 

information from various sensors and the pilot's commands. It makes real-time calculations to 

adjust the speed of each motor (via the ESCs) to keep the drone stable, balanced, and on its desired 

flight path. 

 

5. Battery and Power System 

 Battery: The battery is the power source for all the drone's electronic components. Lithium 

Polymer (LiPo) batteries are the most common choice due to their high energy density and 

ability to deliver a large amount of power quickly. The battery's capacity determines the 

drone's flight time. 

 Power Distribution Board (PDB) or Power Module: This component directs power from 

the battery to the ESCs and other electronic parts, ensuring they receive the correct voltage 

and current. 

6. Radio Transmitter and Receiver 

 Transmitter (TX): This is the remote control unit held by the pilot. It sends commands 

(like throttle, pitch, roll, and yaw) via radio waves. 

 Receiver (RX): A small unit on the drone that receives the signals from the transmitter and 

forwards them to the flight controller. 

7. Sensors 

 Sensors provide the flight controller with crucial data about the drone's position and 

orientation. Common sensors include: 
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 IMU (Inertial Measurement Unit): A combination of an accelerometer (measures linear 

acceleration) and a gyroscope (measures angular velocity) to detect movement and stabilize 

the drone. 

 GPS Module: Provides the drone with its precise location, enabling features like 

autonomous flight paths, return-to-home, and stable hovering. 

 Barometer: Measures air pressure to determine the drone's altitude. 

Optional (but common) Components 

 Camera and Gimbal: A camera is used for aerial photography and video. A gimbal is 

a motorized mount that stabilizes the camera, ensuring smooth, steady footage even 

when the drone is moving. 

 Video Transmitter (VTX): For First Person View (FPV) flying, the VTX transmits 

the camera's video feed to the pilot's goggles or a monitor. 

Working principle of Drones: 

Drones, especially the common multirotor type, operate on a combination of physics and complex 

electronic systems to achieve flight, stability, and control. 

 

Fig: Drone Working Principle 

Basic Principle: Lift and Thrust 

The fundamental working principle is based on Newton's Third Law of Motion: for every action, 

there is an equal and opposite reaction. 
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1. Propellers and Motors: A drone's motors spin the propellers. The specially shaped blades 

of the propellers push air downwards. 

2. Lift Generation: This downward push of air is the "action." The "reaction" is an upward 

force called lift. 

3. Takeoff and Hover: When the total lift generated by all propellers is greater than the 

drone's weight, it ascends. To hover in place, the lift force must be exactly equal to the 

drone's weight. 

Achieving Stability and Movement 

While the basic principle explains how a drone gets off the ground, a sophisticated system is 

required to keep it stable and to enable complex movements. This is where the flight controller 

and electronic systems come into play. 

 Flight Controller: The "brain" of the drone. It takes in commands from the pilot (via the 

remote control) and data from various sensors. Based on this information, it calculates the 

precise speed at which each motor needs to spin. 

 Electronic Speed Controllers (ESCs): Connected to the flight controller and each motor, 

the ESCs translate the flight controller's commands into electrical signals that control the 

speed of the motors. 

By individually adjusting the speed of each motor, the drone can perform all its movements: 

 Ascend/Descend: All motors spin faster (to ascend) or slower (to descend) at the same 

time. 

 Move Forward/Backward (Pitch): The front motors spin slightly slower, and the back 

motors spin slightly faster, causing the drone to tilt forward and move in that direction. The 

opposite action causes the drone to move backward. 

 Move Left/Right (Roll): The motors on one side spin faster than the motors on the other 

side, causing a sideways tilt and movement. 

 Rotate (Yaw): The drone rotates by making two opposite propellers spin faster and the 

other two spin slower. For example, on a quadcopter, increasing the speed of the front-left 

and back-right propellers while decreasing the speed of the other two causes the drone to 

rotate. 
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The Role of Sensors 

Sensors provide the crucial data that allows the flight controller to maintain stability and execute 

commands. 

 IMU (Inertial Measurement Unit): Contains a gyroscope and an accelerometer. The 

gyroscope measures rotational speed and helps the drone maintain a stable orientation. The 

accelerometer measures linear acceleration, helping the drone know if it is moving up, 

down, or sideways. 

 Barometer: Measures atmospheric pressure to determine and maintain a consistent 

altitude. 

 GPS: Enables autonomous flight features and allows the drone to hold a position in a fixed 

location. 

Refrigeration Principles: 

Refrigeration is the process of removing heat from a specific space or substance to lower and 

maintain its temperature below that of the surroundings. This is achieved by using a substance 

called a refrigerant, which continuously cycles through four main components, changing its state 

between liquid and gas to absorb and release heat. 

The Four Main Components 

1. Compressor: This is the "heart" of the system. It receives a low-pressure, low-temperature 

refrigerant gas and compresses it, which significantly increases its pressure and 

temperature. The high-pressure, high-temperature gas then moves to the condenser. 

2. Condenser: The condenser's job is to reject the heat absorbed by the refrigerant. The hot 

refrigerant gas from the compressor passes through the condenser coils, where it is exposed 

to cooler ambient air (often with the help of a fan). As the refrigerant cools down, it changes 

its state from a gas back into a high-pressure liquid. 

3. Expansion Valve: This component acts as a control device. It takes the high-pressure 

liquid refrigerant from the condenser and reduces its pressure. This sudden pressure drop 

causes the refrigerant to cool dramatically, turning it into a low-pressure, low-temperature 

mixture of liquid and gas. 

4. Evaporator: The evaporator is located inside the space to be cooled (e.g., inside a 

refrigerator or an air conditioner). The cold, low-pressure refrigerant mixture enters the 
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evaporator coils. As it passes through, it absorbs heat from the surrounding air or substance. 

This absorbed heat causes the refrigerant to boil and change its state back into a low-

pressure gas, completing the cycle as it heads back to the compressor. 

The Refrigeration Cycle 

The entire process is a continuous cycle: 

1. Compression: The compressor raises the refrigerant's pressure and temperature. 

2. Condensation: The hot, high-pressure gas releases heat to the outside and condenses into 

a liquid. 

3. Expansion: The expansion valve drops the liquid's pressure, causing its temperature to 

plummet. 

4. Evaporation: The now cold, low-pressure liquid absorbs heat from the inside space, 

boiling and turning back into a gas. 

This cyclical process effectively moves heat from a cold area to a warmer area, thereby lowering 

the temperature of the cold space. 

 

Fig: Refrigeration Working Principle 

Air Conditioning Principle 

Air conditioning is based on the principles of thermodynamics, specifically the concept that heat 

naturally flows from a warmer area to a cooler one. An air conditioner manipulates this principle 
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by using a refrigerant to continuously absorb heat from an indoor space and transfer it to the 

outdoors, effectively cooling the indoor air. 

The Refrigeration Cycle 

The process works through a closed loop system with four main components: 

1. Evaporator: Located inside your home, the evaporator is a set of coils that contain cold, 

low-pressure refrigerant. Warm, indoor air is blown over these coils by a fan. As the 

warm air passes over the cold coils, the refrigerant absorbs the heat, causing it to boil and 

turn from a liquid into a low-pressure gas. 

2. Compressor: This is the "pump" of the system, located in the outdoor unit. It takes the 

low-pressure refrigerant gas from the evaporator and compresses it. This compression 

drastically increases the refrigerant's pressure and temperature, turning it into a hot, high-

pressure gas. 

3. Condenser: Also located in the outdoor unit, the condenser is another set of coils. The 

hot, high-pressure refrigerant gas from the compressor flows through these coils. A fan 

blows cooler ambient air over the condenser coils. As the refrigerant releases its heat to 

the outside air, it cools down and condenses back into a high-pressure liquid. 

4. Expansion Valve: This component is positioned between the condenser and the 

evaporator. Its function is to reduce the pressure of the liquid refrigerant from the 

condenser. This sudden drop in pressure causes the refrigerant to cool down significantly, 

preparing it to absorb more heat as it enters the evaporator and starts the cycle over again. 

 

Fig: Air Conditioning Working Principle 

notesforvtu.in



Introduction to Mechanical Engineering                                1BESC104D/204D   

 

26 

 
 

Energy Conversion 

Introduction 

Energy conversion, also known as energy transformation, is the process of changing energy from 

one form to another. This is a fundamental concept in physics and is at the heart of nearly every 

process that occurs in the universe, from biological functions to technological applications. 

The principle of energy conversion is governed by the Law of Conservation of Energy, which 

states that energy cannot be created or destroyed, but can only be transformed from one form to 

another. While the total amount of energy in a closed system remains constant, its form can change. 

Forms of Energy 

Energy exists in many different forms, and conversion involves changing between them. Some of 

the most common forms include: 

 Mechanical Energy: The energy of motion (kinetic) or position (potential). 

 Thermal Energy (Heat): The internal energy of a substance due to the motion of its atoms 

and molecules. 

 Chemical Energy: Energy stored in the bonds of chemical compounds. 

 Electrical Energy: Energy carried by electric current. 

 Radiant Energy: Energy transmitted through electromagnetic waves, such as light. 

 Nuclear Energy: Energy stored in the nucleus of an atom. 

Examples of Energy Conversion 

Energy conversion is happening all around us. Here are some everyday examples: 

 In a car engine: Chemical energy stored in gasoline is converted into thermal energy 

through combustion. This thermal energy is then converted into mechanical energy to move 

the vehicle. 

 In a light bulb: Electrical energy is converted into radiant energy (light) and thermal 

energy (heat). This is an example of an inefficient conversion, as a lot of the energy is lost 

as unwanted heat. 

 In a hydroelectric dam: The potential energy of water stored at a high elevation is 

converted into kinetic energy as it flows downward. This kinetic energy is then used to spin 

turbines, which convert it into mechanical energy. The turbines are connected to a 

generator, which converts the mechanical energy into electrical energy. 
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 In a solar panel: Radiant energy from the sun (light) is converted directly into electrical 

energy. This process is known as the photovoltaic effect. 

Understanding energy conversion is critical for developing more efficient technologies and for 

transitioning to sustainable energy sources, as it helps us to better manage and utilize the world's 

limited energy resources. 
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